The theory of the photocurrent through the photodetector based on a two-level semiconductor quantum dot (QD) is presented. The analytical expressions of the matrix elements of the electronic transitions generated by the absorption of the circularly polarized photons are derived in the lowest order of the perturbation theory with respect to the electron tunneling interaction as well as the electron-photon interaction. From these expressions the mechanism of the generation of the spin-polarized of electrons in the photocurrent is evident. It follows that the photodetector based on the two-level semiconductor QD can be used as the model of a source of highly spinpolarized electrons.
INTRODUCTION
With the aim to create the basics of the physics of nanostructured optoelectronic devices containing the semiconductor quantum dots (QDs) as their building blocks the interactions of electrons in QDs with photons and elementary excitations were studied in many experimental and theoretical works. In particular the infrared photodetector based on the intra-conduction band transitions between the p-states of the QDs and the wetting layer subband was investigated experimentally [1] . The effects of the charge accumulation on the photocurrent through a QD photodetector were also investigated [2] . In Ref. [3] the infrared photodetectors containing multi-level semiconductor QDs were fabricated and the physical factors influencing the performance of the devices were examined. The effects of the Coulomb blockade on the photocurrent in QD photodetectors were studied in Ref. [4] and the damping of the coherent oscillations in these devices were discussed in Ref. [5] . In the recent theoretical works VillasBôas, Ulloa and Govorov [6] , Smirnov and Mourokh [7] have investigated the spin-polarization of the photocurrent generated by the absorption of the polarized light.
In this work we study the theory of the photocurrent through a model photodetector based on the two-level semiconductor QD with the weak tunneling of electrons between the QD and the leads 8 so that the perturbation theory can be applied to the tunneling interaction. For the clarity in the study of the mechanism of the generation of the spin-polarized photocurrent we consider the simple case when the photon energy is not in the resonance with the allowed dipole transition between two discrete levels in the QD and therefore we can apply the perturbation theory not only to the tunneling interaction of electrons, but also to the photon-electron interaction. From the analytical expressions of the matrix elements of the electronic transitions generated by the absorption of the circularly polarized photons it follows the spin-polarization of the photocurrent. It depends on the (conserved) number of electrons in the QD. This result suggests the idea to utilize the photodetector based on the two-level semiconductor QD as a source of highly spin-polarized electrons.
THE MODEL
Consider a simplest theoretical model of the QD photodetector consisting of a disk-shaped axially symmetric two-level semiconductor QD connected with two semiconducting leads. The QD has two discrete energy levels: the upper level inside the conduction band of the bulk material of the QD with the Bloch wave functions of the form 
H H H 
(1)
is the energy of the electron with the momentum k in the lead "i", U i or V is the potential energy of the Coulomb interaction between two electrons at the same energy level c i E or at different energy levels in the QD, and 
MATRIX ELEMENTS OF THE PHOTON ABSORPTION INDUCED TRANSITION PROCESSES
The total electron number n in the QD may have five different values 0,1, 2,3 n  and 4. In the transition process of an electron from the lead "2" through the QD to the lead "1" generated by the absorption of a photon this number n remains unchanged. In each special case with 0 n  or 4 n  there exists only one state: the vacuum 0 for 0 n  and the 4-electron state 1 
It is straightforward to derive the expressions of 
CONCLUSION AND DISCUSSIONS
We have shown that in the lowest order of the perturbation theory with respect to both the photon-electron interaction and the effective lead-dot tunneling interaction the photocurrent through the proposed model quantum dot photodetector induced by the absorption of the photons with the spin projection 1 z s  is totally spin polarized, the spin polarization of the outgoing electrons being 1   , and the QD photodetector may be used as a source of spin polarized electrons. However, the formulae (5) -(9) of the transition amplitudes are valid if and only if the expressions of the denominators in the r.h.s of these formulae do not vanish, that is the radiation frequency  is out of the resonance with the dipole electromagnetic transition between two corresponding states of the electron system in the QD: 
If some condition among the conditions (11) is not satisfied, then we must take into account the contributions of the corresponding high order terms of the perturbation theory. Moreover, the real spin structure of the wave function of the electron in the lower energy level is more complicated than that in the proposed model: there is the band mixing. The effects of the high order terms of the perturbation series and the band mixing would be the subjects of the further studies.
